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Diazinon (O,O-diethyl (-O-2-isopropyl-4-methyl-
6-pyrimidinyl) phosphorothioate), is an excellent
chemical for the control of various insect pests
of crops. This insecticide is now used in Japan
for the control of rice insects by "the paddy water
application method". Granules and emulsion of
Diazinon give simultaneous control of the rice
stem borer and certain virus-transmitting leaf-
hoppers when applied onto the standing water in
rice fields. The method is very simple and has
become widespread .as a labor-saving practice.
When applied by the above-mentioned method, an
insecticide should reach into plant portions where
insects live or into insects directly from applied
zone to kill those insects. Two routes are postulated
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as pathways in penetration into rice plants of an
insecticide applied onto paddy water or soil; one
is through the root system which have been
proved Quantitatively by Tsukano and Suzuki
(1962)I) and Fukuda and Masuda (1965) 2) on r-
BHC and carbaryl, respectively, and the other
is through the leaf sheath where an insecticide
creeps up by capillarity and/or penetrates into
tissues as pointed out by Ishii and Hirano (1962)3),
Tomizawav and Hirano and Yushima (1969)~) on
r-BHC, Carbaryl, and Diazinon, respectively.
Recent papers have shown that Diazinon was
absorbed and translocated into plants from treated
soil or irrigation water (Gunner et al., 1967,"
Onsager and Rusk, 1967,7> Hirano and Yushima,
1969~) or sand (Lichtenstein et al., 1967)8) and
from treated planting water (Miles et al., 1967)8)
or culture solution though it is rapidly hydrolyzed
in the foliage (Kansough and Hopkins, 1968)10).
Present studies have been carried out in order
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·to confirm which route is predominant in the
penetration of Diazinon into rice plants and to
estimate the rate of decomposition in the plants
after application of granules and emulsion of
Diazinon onto the surface of paddy water.
Materials and Methods
Insecticide: Twenty percent emulsifiable concen-
trate and 3.2 percent granules of 32P-Iabelled
Diazinon were kindly supplied by Nihon Kayaku
Company. The specific activities were 6. 3 me per
gram for the former and 4. 1 mc per gram for
the latter, respectively. Radioactive Diazinon was
confirmed to be more than 9996 in purity by thin-
layer chromatography.
Plants: Rice plants grown in potted soil at
different stages were used, i. e., those at the
seedling stage (at one week after transplantation)
and those at the pre-heading stage (at a few days
before heading). The seedlings were tested both
in the conditions of flooded and non-flooded soils,
and the plants at pre-heading stage were tested
only under flooded conditions.
Application of radioactive Diazinon: The labelled
Diazinon-containing granules were placed onto
the surface of potted soil at a rate of 2.5 mg of
active ingredient per pot, equivalent to 1.25kg
per ha,
The emulsifiable concentrate, diluted to 1 : 50
with water, was introduced onto the paddy water
at a rate of 4.0 mg of active ingredient per pot,
equivalent to 2.00 kg per ha, The pot was 0.02 mt
in area. Water depth in pots was maintained
about 2cm during the experiment under flooded
conditions and the water was drained in order
to examine the movement of Diazinon under non-
flooded conditions.
Sampling and radioassay: Aerial parts of the
plants were cut at 1ern above the paddy water
to avoid the contamination from radioactivity in
applied zone or at 1ern above the soil surface
in the experiment under non' flooded conditions.
The plants were divided into leaf blades and leaf
sheaths. Each portion was chopped finely with
scissors. The sliced sample was macerated with
an equal volume of chloroform and 10% aqueous
trichloroacetic acid (including moisture of the
sample) in a Waring blender, and centrifuged
to separate into the organic and aqueous layers
and the solid matter. An aliquot of each layer
was wet-ashed with a mixture of concentrated
sulfuric acid and nitric acid (5: 1). Radioactive
phosphoric acid was precipitated as ammonium
phosphomolybdate, and its radioactivity was
determined by a GM counter. The amounts of
radioactive substances which were partitioned into
chloroform and aqueous layers, were calculated.
The solid matter in the centrifuge bottle was
washed with chloroform and 10% aqueous trio
chloroacetic acid, and the radioactive substances
unextractable with these solvents were also
determined as a part of the experiments.
Separation of chloroform-extractable metabolites:
After partition between chloroform and aqueous
trichloroacetic acid, the chloroform layer was
dried over anhydrous sodium sulfate, and concen-
trated at room temperature under reduced pressure.
Metabolites in the concentrates were separated
by paper or silica gel thin-layer chromatography.
In paper chromatography, upper layer of a
mixture of ethanol, chloroform and water in a
ratio of 2 : 2 : 1 by volume was used as mobile
phase, and a filter paper impregnated with 5%
Silicone 550 in hexane was used as stationary
phase. In thin- layer chromatography, a mixture
of hexane 4 parts and acetone 1 part by volume
was used as mobile phase. Two chromatograms
were made for each concentrate, and one of them
was used for the preparation of radioautogram.
The other was cut into 20 pieces of an equal length
from origin to solvent front, and the radioactivity
of each piece was determined in turn by a GM
counter. From the results of both radioautogram
and radioassay, the percentage of radioactivity
corresponding to each metabolite was calculated.
Separation of water-extractable metabolites: The
ear (dough stage) and the leaf blade (harvesting
stage) were sampled at 38 days and 50 days after
application, respectively. After partition between
chloroform and aqueous trichloroacetic acid, the
aqueous layer was subjected to ion exchange
chromatography using Dowex l-X8 by the method
of Plapp and Casida (1958)11). Major metabolites




Fig. 1 shows the change of chloroform- or
water-soluble radioactive substances in paddy
water treated with Diazinon. Chloroform-soluble
radioactive substances disappeared rapidly during
the first 6 days, and slowly afterwards. In all
water samples, measurable amounts of radioactive
.substances were still found at the end of every
experiments. Concentration of Diazinon in water
seemed to reach a maximum in one day after
application with granules and emulsion. Diazinon
applied as granules was persistent .as compared
with emulsion.
: Fig. 2 shows the change of chloroform- and
. .
water-soluble radioactive substances in the rice
plants applied with Diazinon. In the leaf blades,
the amount of the chloroform-soluble substances
. increased gradually and continuously during the
experiment when granules were used, while that
in the leaf sheaths increased during the first 6
days, and maintained the similar concentration
afterwards. Difference in depth of paddy water
had no influence on the systemic activity of the
insecticide. Growth stages of the plants had some
influence on the activity; the younger plants,
increasing in size more rapidly than the older














the other hand, the amount of chloroform-soluble
radioactive substances in leaf blades reached near
to a maximum during the day after the emulsion
application, and then almost unchanged afterwards,
while that in leaf sheaths increased rapidly during
the first 24 hours and then decreased gradually
with days. The radioactivity in the plants was
.higher in leaf blades than in leaf sheaths throughout
the experimental periods except early samples of
emulsion application. The ratio of the unextractable
activity to total ones was in the range from O. 2
to O. 3 throughout the experiments.
Table 1 shows the ratio of the insecticide into
water-soluble conversion products by the formula
of c/c-t-w-l-r or c/c-l-w, at different intervals,
where c and ware the radioactivities partitioned
into chloroform and 1096 aqueous trichloroacetic
acid, respectively, and r is the unextractable
radioactivity. In leaf blades, it took 3 days for
this ratio became 0.5, and in leaf sheaths, it
took 1 to 4 days. It was noticeable that the ratio
in leaf sheaths was smaller than in leaf blades
in most times. Although this tendency seemingly
shows that degradation of Diazinon takes place
more rapidly in leaf sheaths than in leaf blades,
the fact that chloroform-soluble radioactive
substances have increased in leaf blades during
the experiments, suggests that translocation of
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Days after application
Fig. 1. Changes of chloroform- and aqueous trichloroacetic acid-soluble radioactive substances
in paddy water after Diazinon application. Solid lines; chloroform soluble portion,
and broken lines; aqueous trichloroacetic acid-soluble portion. Gl; granule, 1. 25kg/
ha, seedling, water depth 2cm, G3; granule, 1. 25 kg/ha, heading, water depth 2cm,
and E;emulsion, 2.00 kg/ha, seedling, water depth 2 em,
136
chloroform-soluble radioactive substances from
leaf sheaths to leaf blades occured more readily
than the supply of diazinon from roots and basal
leaf sheaths. This trend is in agreement with the
result obtained by Gunner et 'al., .(1966)81, who I
found that Diazinon translocated rapidly in bean-
plants. Hirano and Yushima (1969)a) have reported
that hydrolysis of Diazinon in rice plants was
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Days after application
Changes of chloroform- and aqueous trichloroacetic acid-soluble radioactive substances
in plants after Diazinon application. Upper half; leaf blades, lower half; leaf sheaths,
solid lines; chloroform-soluble portion, broken lines; aqueous trichloroacetic acid-
soluble portion, and chain lines; unextractable portion. G2; granule, 1. 25 kg/ha,










Table 1. The ratio of radioactivity partitioned into chloroform to total activity(cjc+w+r*
or cjc+w**) in rice plants applied with diazinon,
Diazinon Depth of Growth
I
Days after application
formulation paddy stage of Portion
water (cm) plant 1 3(4) 6 9(12) 17(18)
Granule* 2 Seedling Leaf blade 0.69 0.49 0.36 0.30 -
Leaf sheath 0.67 0.60 0.30 0.23
-
Granule* 0 Seedling Leaf blade 0.66 0.52 0.40 0.31 -
Leaf sheath 0.51 0.43 0.31 0.21 -
Granule* 2 Pre-heading Leaf blade 0.60 0.47 0.36 0.37 0.35
Leaf sheath 0.60 0.35 0.26 0.16 0.14
Emulsion** 2 Seedling Leaf blade O. 77 (0.34) 0.38 (0.42) (0.37)
Leaf sheath 0.81 (0.51) 0.59 (0.29) (0.21)
C and ware radioactivities partitioned into chloroform and 10;'6 aqueous trichloroacetic acid,
respectively, and r is the unextractable activity.
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more rapid in leaf sheaths than leaf blades. The
result of present experiment was in disagreement








Fig. 3. Tracing of radioautogram of chloroform-
soluble substances on TLC plate. Hexane:
acetone (4: 1) A; unidentified I, B; diazinon
oxygen analog, C; unidentified II, and
D; Diazinon.
• A
far as the insecticide remains in paddy water or
soil, and this trend differed from the result of
Miles et al., (1967)Q) who presumed that absorption
of Diazinon by cabbage occures only during
restoration of turgidity by the transplanted
seedlings.
Separation of chloroform-soluble radioactive
metabolites in paddy waters and rice plants was
carried out by paper or thin-layer chromatography.
Fig. 3 shows the positions of the compounds on
plates resolved by thin-layer chromatography.
Percentage of each compound was calculated
from the result of scanning of radioactivity in
the radioautogram. Results are shown in Fig. 4.
The major portion of chloroform-soluble radioactive
substances consisted of Diazinon in paddy water
during the experiments, and even at the end of
experiments diazinon was more than 60% in both
granular and emulsion applications. The remainder
was Diazinon oxygen analog and an unidentified
metabolite. In leaf blades of plants treated with
Diazinon emulsion, chloroform-soluble radioactive
substances consisted of diazinon, 30 to 50,96,
Diazinon oxygen analog, about 30,96, and two
unidentified metabolites at every sampling time.
The constitution of metabolites in leaf sheaths






















Fig. 4. Separation of chloroform-soluble radioactive substances in paddy water and plants
after Diazinon application by TLC. Hollow circles; diazinon, solid circles; un-
identified I, triangles; diazinon oxygen analog, and crosses; unidentified II.
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Table 2. Separation of water-soluble radioactive substances of diazinon'in plants applied (I
with Diazinon granules by Dowex 1-X8.
Per cent of metabolites
Plant portion
(HO)3PO or (HOhPSi I I(C2HGO) 2PO(OH) (C2HGO) 2PS(OH) Unidentified





Ear 2.0 85.9 9.8 2.3
a minor amount of Diazinon oxygen analog in
field. plants applied with Diazinon have been
reported by Rail et al., (1966)12), and Eberle and
Novak (1969)13), but in the present experiment
thin layer chromatograms show the presence of
this metabolite at relatively high levels. Paper
chromatographic separation conducted to the
extracts from plants without cleanup was interfered
intensively with plant pigments. From these results
it is likely that Diazinon was less persistent in rice
plants, though more persistent in the paddy water.
As the rice plants had begun to head one week
after granular application, the ears in dough stage
and leaf blades were sampled. After partition
between the organic and apueous solutions, water-
soluble metabolites were separated by ion exchange
chromatography. As shown in Table 2, di-
ethylphosphoric acid, diethylphosphorothioic acid,
and an unidentified metabolite were detected
in decreasing order in leaf blades, while di-
ethylphosphoric acid was the major metabolite in
the ears. Presence of diethylphosphorothioic acid
in leaf blades at a fairly high level indicates that
diazinon is decomposed primarily through hy-
drolysis to diethylphosphorothioic acid, followed
by conversion to diethylphosphoric acid and
inorganic phosphates.
Summary
32P-Iabelled Diazinon granules and emulsion were
applied onto pots in which rice plants were grown,
and translocation and metabolism of the insecticide
in aerial portion of the plants were examined by
tracer techniques. Chloroform-soluble radioactive
substances in paddy water disappeared more slowly
in the pots applied with granules than those applied
with emulsion. The amount of the chloroform-
soluble portion in leaf blades of the plants increased
continuously until the end of the experiments in
the granular application, while that reached to
a maximum within one day and remained
unchanged during the experiments in the emulsion
application. The chloroform-soluble portion was
more concentrated in leaf blades than .in leaf
sheaths. The ratio, c/c-t-w or c/c-j-w-j-r was
generally larger in leaf blades than in leaf sheaths,
and it seemed that translocation of the chloroform-
soluble portion from leaf sheaths to leaf blades
was faster' than that froni paddy water to leaf
sheaths. A major portion of chloroform-soluble
radioactive substances was unchanged Diazinon
in paddy water during the experiments. In the
plants, Diazinon was decreased, to about 50;'6 of
total chloroform-soluble substances in the first
day, and maintained that level in leaf blades but
decreased in leaf sheaths. Diazinon oxygen analog
and two unidentified metabolites were detected
in the plants. Water-soluble radioactive metabolites
in leaf blades consisted of diethylphosphoric acid,
diethylphosphorothioic acid, and phosphoric or
phosphorothioic acid in decreasing order, while
only diethylphosphoric acid was predominant in
the ears.
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